Brazil is the largest citrus producer in the world, being responsible for more than 20% of its production, which is, however still low due to phytosanitary issues such as citrus blight. Citrus blight is an anomaly whose causes still have not yet been determined, therefore there are no efficient control measures to minimize the production losses with the use of resistant varieties being considered the most appropriate method. However, little is known about the genes involved in the defense response of the plants to this anomaly. Considering that many physiological alterations associated with plant stress responses are controlled at a transcriptional level, in this study we sought the identification and characterization of the gene expression products differentially expressed in the response to the citrus blight. Through the suppressive subtractive hybridization technique, expressed cDNA libraries were built using mRNAs isolated from "Cravo" lemon tree roots (Citrus limonia L. Osbeck) under "Pera" orange (Citrus sinensis L. Osbeck) of healthy and sick plants. 129 clones were obtained by subtraction and their sequences were compared in databases. 34 of them linked to proteins associated to stress processes, while the others were similar to sequences of unknown functions or did not present similarity with sequences deposited in the databases. 3 genes were selected and their expressions were studied by RT -qPCR in real-time. Plants with citrus blight presented an increase of the expression level in two of those genes, suggesting that these can be directly involved with this anomaly.
INTRODUCTION
The citrus blight is an alteration in the normal development of the plant, characterized by accentuated loss of leaves, excess branches and shoots on the trunk, gradual drying of branches, unseasonal flowering, accentuated nutrient deficiencies, accumulation of soluble phenols in the stem, presence of amorphous and/ or filamentous obstructions in the xylem vessels and low production (Baldassari; Goes; Tannuri, 2003; Auler et al., 2011) . The affected plants rarely die, but they become economically unviable due to low amount and quality of the produced fruits. Although this anomaly has been known for more than a century, the causal agent is still not known (Barrios et al., 2006; Brlansky et al., 2012) . There is a lot of controversy related to the involvement of biotic agents as well as abiotic factors (Rossetti, 2001; Auler et al., 2011) . That implicates in the inexistence of prophylactic measures for the control of the citrus blight, so that the only recommended practice is the removal of the sick plants when they enter into an economically unviable production phase.
Physiological alterations associated with plant stress responses are, at many times, controlled at a transcriptional level, thus, differentially expressed genes in plants affected by the blight possibly possess an associated function to this disease. As such, the identification and the quantification of such genes in affected plants can supply important information on the physiological and molecular processes involved in the defense response of the citrus against the citrus blight.
The suppressive subtractive hybridization technique (SSH) allows the retrieval of small cDNA libraries enriched with differentially expressed transcripts that are present in just one of the compared samples (Diatchenko et al., 1996) . This tool has been used in an efficient way to obtain this sort of information in various pathosystems, such as in the identification of genes induced in response to infection of plants by pathogens (Horwitz; Lev, 2010; Hirao; Fukatsu ;  Watanabe, 2011) and of genes induced in response to abiotic stress (Ouyang et al., 2007; Basyuni et al., 2011) . Therefore, the objectives of this study were to identify and quantify genes differentially expressed in plants affected by the citrus blight, through the techniques of suppressive subtractive hybridization and real time PCR, seeking to support the development of new control strategies for this disease, as well as the enhancement of early diagnosis and the obtainment of resistant plants.
MATERIAL AND METHODS

Material collection
Samples of "Cravo" lemon tree (Citrus limonia L. Osbeck) roots were collected under "Pera" orange (Citrus sinensis L. Osbeck) in a farm located in the city of Bebedouro, SP. The samples were removed from trees with approximately 12 years of age, originating from the same stand and submitted to the same cultivation conditions. Based on typical citrus blight visual symptoms and on the syringe test (Lee et al., 1984) , the trees, whose the roots were sampled, were classified in 3 stages: healthy (without apparent symptoms of the disease), beginning of the disease (plants exempt of new shoots, leaves with opaque green coloration, defoliation and dry leaf tips) and advanced stage (plants exempt of new shoots, except inside the primary branches, leaves with opaque green coloration, abundant defoliation and severely dry crown branches). Afterwards, surface roots of each tree were collected for RNA extraction. These samples were stored in a freezer at -80° C until the time of the analyses.
RNA extraction and purification of mRNA
Total RNA of the roots of sick and healthy plants was isolated by the Trizol method (Chomczynsky; Sacchi 1987) . Later on, total RNA was treated with Deoxyribonuclease I Amplification Grade (Invitrogen TM ) and the mRNA purified with the Oligotex mRNA Spin-Column Protocol (QIAGEN) kit, according to manufacturer specifications.
Suppressive Subtractive Hybridization
The PCR of cDNA subtraction was conducted by using the PCR-Select™ cDNA Subtraction Kit (Clontech). The two cDNA subtraction libraries were built starting from 2 µg of mRNA, according to the manufacturer protocol. For the forward subtraction, the mRNA of the sick plant was used as tester, and of the healthy plant as a driver. For the reverse subtraction, the mRNA of the healthy plant was used as tester, and of the sick plant as a driver. Soon afterwards, the cDNA tester of both was digested with RsaI and the insert bonded to the adapters 1 and 2R. The hybridization and amplification processes were conducted twice with the intention of increasing the number of differentially expressed sequences. The subtracted cDNAs obtained from the second amplification were cloned in pDrive Cloning Vetor (Qiagen ® PCR Cloning Kit) and transformed in E. coli DH5α™ T1 Phage Resistant (Promega). The transformants were placed on LB medium containing ampicillin [100 µg/ mL], x-gal [40 mg/mL] and IPTG [100 mg/mL] and the confirmation of the bonding of the insert was given via PCR of the colonies transformed using the M13primers.
Sequencing and analysis of SSH cDNAs library
After transformation, 129 bacterial colonies selected for the sequencing were incubated overnight in liquid LB medium according to Sambrook, Fritsch and Maniatis (1989) and the plasmids were extracted by alkaline lysis (Birnboim; Doly, 1979) . The cDNA inserts were sequenced (Mega Bace 1000-Amersham Biosciences) by the method of Sanger, Nicklen and Coulson (1977) . The obtained sequences were analyzed using the Blast X algorithm ion the National Center for Biotechnology Information (NCBI) databases (http://www.ncbi.nlm.nih. gov/BLAST/) and those of the Centro de Citricultura de Cordeirópolis (http://www.centrodecitricultura.br/).
Analysis of gene expression
The evaluation of the candidate genes expression patterns was conducted by reverse (RT) and quantitative PCR (RT-qPCR) using the SYBR® Green system (Applied Biosystems). The reaction conditions were: 5 min at 50º C, 10 min at 95º C, followed by 40 cycles of 15s at 95º C and 1 min a 60º C, concluding for 15s at 95º C. The expression data was analyzed using the software of the apparatus (version 2.0.1), first being normalized with endogenous control genes, Actin and β-tubulin and later quantified relatively (RQ = 2 -ΔΔCT ) according to Livak and Schmittgen (2001) . The efficiency of the reactions was checked by the equation (1+E)=10 (-1/slope) (Ramakers et al., 2003) . The following primers (which obtained an efficiency higher than 0.86) were used for validation of the expression analysis (forward; reverse): 14-3-3 (5'-TCCCTATTGGTGGGTGAACAA-3',5'-GATGTCGGCTCTTCCTATCATTG-3'); Cytochrome P450 cTBP type (5'-TCC AGCGAAACCACAGCAA-3', 5'-AAGCTCAACAGGGTCTTCTTTCC-3'); Senescence
RESULTS AND DISCUSSION
The identification and quantification of the differential gene expression of genes related to the citrus blight can be a key-factor to reveal the causal agent and the action mechanisms of this anomaly that causes great damage to citriculture. In this work, two subtractive libraries were built, one enriched with cDNAs differentially expressed in sick plants (forward) and another enriched with cDNAs differentially expressed in healthy plants (reverse). 38 clones of the forward library and 91 of the reverse library were obtained (Table 1 and 2), that were identified, by database comparison, as sequences associated to stress processes. After identification, three genes were selected (Probable senescence related protein; Monooxigenase of the cytochrome P450 -Type cTBP, related to abiotic stress and a protein of the 14-3-3 family, related to disease resistance) for quantitative analysis of the genic expression in different evolutionary stages of the citrus blight anomaly.
After the database search, sixteen clones of the forward library and eighteen of the reverse presented similarity with a probable protein related to the senescence in snow pea-pods -ssa13 (Pariasca et al., 2001 ). This gene is downstream regulated, presents low transcription level in the leaves and immature pods and it does not present homology with known database sequences (Pariasca et al., 2001) . Senescence has been associated to genes that econde pathogenesis related proteins (Lers, 2007) , degrading enzymes (Drake et al., 1996) and stress response proteins (Sharabi-Schwager et al., 2010). As such, based on the results of the relative quantitative expression (Figure1) there is the possibility that this gene, homologous to ssa13, has some function in the defense process of the plant against stress caused by the blight since the sick plants presented a relative expression approximately twofold higher than the healthy plants. However, despite the senescence being characterized by the activation and inactivation of different groups of genes (Gan; Amasino, 1997) , the inactivation of genes, in itself, is not enough to cause the senescence, because the senescence process can be blocked by RNA inhibitors, protein synthesis and enucleation (Drake et al., 1996, Gan; Amasino, 1997) . Table 1 -Genes expressed in roots of sick plants and absent in healthy plants, gi: gene index indicating name of EST, the homology of that sequence with the NCBI (National Center for Biotechnology Information -http://www.ncbi. nlm.nih.gov) database, Size: size of the clone with highest number of nucleotides sequenced, E-value: identity with sequences of the database and number of clones. Number of clones identified with the same annotation.
Gi
Homology ( One clone of the forward library and eleven of the reverse, presented similarity with the cytochrome P450 protein of the type cTBP from tobacco, which s related, in higher plants, to the enzymatic activity in the xenobiotic metabolism (Sugiura et al., 1996) . This protein presents only 22% of identity with P450 of other plant species (Sugiura et al., 1996) , but the conserved region of the heme group that contains 16 amino acid residues, presents five residues (leucine, phenylalanine, serine, cysteine and alanine) identical to those of Persea americana (Bozak et al., 1990) and Zea mays (Larkin, 1994) . As such, it suggests that the P450 protein of type cTBP is not microssomal, but can be present in the mitochondria, in the chloroplast or soluble (Sugiura et al., 1996) . In plants, the development and the hormonal levels regulate the expression of many members of the cytochrome P450, furthermore, various xenobiotic inductors can also regulate the genic expression of P450 at the transcriptional level (Mendoza, 2009) . In plants, the P450 transcriptional levels can be altered by some factors such as wounds (Whitbred; Schuler, 2000) and chemical agents (Yamada, 2000) . The monooxygenase enzymes of the cytochrome P450 are the main enzymes involved in the initial phase of the xenobiotic metabolism (Timbrell, 2000) . Liu et al. (2003) reported that the cytochrome P-450 has a high expression during the interaction of mycorrhizal fungi with plant roots. In this experiment, the relative expression of the gene homologous to the cytochrome P-450 of the type cTBP in the citrus blight increased as the disease developed (Figure 1) . The gene homologous to the cytochrome P450 presented expression of approximately 1.8 fold higher than in relation to the initial stage (Figure 1) , in the final stage of the disease. Mendoza (2009) also reported that the P-450 family enzymes are related to the biosynthesis of important metabolites in plant response to pathogen and herbivore attack and that the insertion of cytochrome P-450 genes, via transgenic techniques, increases the possibility of obtaining plants more tolerant to stress. As such, the enzyme found in this experiment is possibly related to the citrus blight anomaly, being a good candidate for the study of blight. Four clones of the reverse library presented similarity with the protein 14-3-3 of poplar (Lapointe et al., 2001 ). The 14-3-3 proteins are from a family of regulatory molecules, with 9 to 10 conserved domains of the α-helix type (Lapointe et al., 2001 ) that modulate various cellular processes such as cell cycle, metabolism, stress response and signal transduction (Aitken, 2006; Shin et al., 2011) . The association of those proteins with the G-box binding factor suggests that they are directly involved in transcriptional regulation (Kuramae; Fenille; Jr 2001) . In sugarcane, these proteins were expressed in all of the cDNA libraries obtained from different tissue (meristem, callus, flower, sprout, leaves, root, stalk, seed) and of seedlings infected with bacteria (Kuramae; Fenille; Jr, 2001) . However, in this experiment, healthy and sick plants presented similar levels of expression for this gene (Figure1), so maybe an eventual flaw occurred in the subtraction process leading to the amplification of segments that are not differentially expressed.
CONCLUSIONS
In this study the suppressive subtractive hybridization technique (SSH) was used to obtain subtractive libraries, which resulted in 129 clones of differentially expressed cDNA in response to the citrus blight. The identification and quantification of these genes generated important data that will help in the development of new strategies to control citrus blight, among which are the development of early detection methods for sick plants and the obtaining of more resistant plants. The marker-assisted selection and the obtaining of transgenic plants overexpressing or knocking out some of those genes is a promising alternative that can impel the citrus blight research.
